TITLE OF THE INVENTION 

COLOR CORRECTION IN IMAGE DISPLAY 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an image display for displaying 
color images. 

Description of the Related Art 

Various types of displays have been developed for displaying color 
images, including the direct viewing and projection types. The direct 
viewing display uses a liquid crystal panel, plasma display panel (PDP), 
CRT or the like to display an image that the viewer views directly. The 
projection display is equipped with a projection lens, various optical 
systems and a display device such as a liquid crystal panel, digital 
micromirror device (DMD, trademark of Texas Instruments Inc.) or CRT. 
An image formed on the display device is projected onto a screen, for 
instance, for viewing. 

Ideally, the image displayed by a color display is uniform, i.e., 
totally free of unevenness. Actually, however, unevenness sometimes 
arises in the displayed image for reasons that will now be discussed. 

When a liquid crystal panel is used as the display device, image data 
are applied to the individual pixels of the liquid crystal panel to vary the 
transmittance and reflectance of the pixels with respect to illumination 
light projected onto the panel. The light projected onto the panel exits 
from the panel as image-bearing light. To ensure that images are 
displayed with no unevenness, the transmittance and reflectance 
characteristics of the liquid crystal should be the same at every pixel. In 
an actual liquid crystal panel, however, they vary to some extent. The 
color of the displayed image is therefore sometimes uneven. Color 



unevenness also occurs when other types of display devices are used, owing 
to non-uniformity of the various display device characteristics. 

Display devices like the liquid crystal panel and the digital 
micromirror device require a separate optical system for projecting 
5 illumination light. Color unevenness may be produced in the displayed 
image depending on the luminance and color distribution of the light from 
the illumination optical system. 

In the case of a projection display, color unevenness sometimes 
arises in the displayed image for reasons related to the characteristics of 
10 the display's various optical systems. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to provide a 
technology for suppressing color unevenness in displayed images. 

In order to attain at least one of the above and other objects of the 

15 present invention, there is provided an image display apparatus. The 
apparatus comprises: an image processor for outputting image data 
including plural color component data; a gain corrector for correcting levels 
of the image data output by the image processor; and an image display 
device having a plurality of pixels from each of whose pixels light for 

20 forming an image exits in accordance with the corrected image data 
corrected by the gain corrector. The gain corrector corrects the level of at 
least one of the plural color component data applied to the pixels in 
accordance with the positions of the pixels such that, when image data 
representing an image of a uniform color are output from the image 

25 processor, difference in chromaticity of light exiting from the pixels is 
reduced among the pixels without making luminance of the light exiting 
from the pixels of the image display device the same at all pixels. 
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The image display apparatus can reduce color unevenness of the 
displayed image because, when the image processing unit outputs image 
data representing a uniform image of a prescribed color, the level of the 
image data applied to the individual pixels in accordance with their 
5 positions in the image display device is corrected to reduce difference in 
chromaticity of exiting light among the pixels. 

In one embodiment, the gain corrector corrects the levels of all but a 
specific one of the plural color component data applied to the pixels to 
^ reduce difference in level between the specific color component data and 

*43 10 the other color component data. 

%0 This configuration reduces difference in chromaticity of exiting light 

sj among the pixels without making the luminance of the light exiting from 

tS the pixels of the image display device the same at all pixels. 

The specific color component data may be the type of color 
Oft 15 component data that makes the greatest contribution to the luminance of 

hy the light for forming the image. 

This configuration suppresses color unevenness while also 
suppressing to some extent scatter in the luminance of the light for forming 
the image-bearing light exiting from the pixels. 
20 When the plural color component data are red, green and blue 

component data and the specific color component data may be the green 
component data. 

Among red, green and blue, green makes the greatest contribution to 
luminance. This configuration therefore suppresses color unevenness 
25 while also suppressing to some extent scatter in the luminance of the light 
for forming the image-bearing light exiting from the pixels. 

The plurality of pixels may be segmented into a plurality of small 
areas of polygonal shape. In this case, correction values for apex pixels 
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corresponding to apexes of the small blocks are determined in advance, and 
correction values of pixels other than the apex pixels in each small areas 
are interpolated from the correction values of the apex pixels of the small 
area. 

5 This configuration enables the correction values of the pixels in each 

small area to be interpolated from apex pixel correction values calculated 
in advance. The number of pixels whose correction values are calculated 
in advance can therefore be reduced. As a result, the operations for 
calculating correction values in advance can be simplified and the device 
y3 10 for storing the data representing the calculated correction values can also 

Ufa 

j3 be simplified. 

ri The plurality of pixels may segmented into the plurality of small 

w areas by drawing a horizontal line through a center pixel among the 

= multiple pixels, drawing a vertical line through the center pixel, and 

m 15 drawing the sides of a rhombus whose apexes are the extremities of the 

H horizontal line and the vertical line. 

O Color unevenness generally has a distribution spreading from the 

center to the periphery of the image. This configuration effectively 
suppresses color unevenness distributed in this manner. 

20 The present invention can be implemented in various ways, such as 

image display apparatus and method, a computer program therefor, a 
computer program product including the computer program, a data signal 
embodied in a carrier wave including the computer program. 

These and other objects, features, aspects, and advantages of the 

25 present invention will become more apparent from the following detailed 
description of the preferred embodiments with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a block diagram schematically illustrating an image display 
1000 that is a first embodiment of this invention. 

Fig. 2 is a block diagram schematically illustrating a gain corrector 

120. 

5 Figs. 3(A) and 3(B) show color unevenness correction. 

Fig. 4 is a block diagram schematically illustrating a gain corrector 
of an image display that is a second embodiment of this invention. 
Fig. 5 shows division of areas. 

Figs. 6(A) and 6(B) show conditions used to discriminate whether a 
10 pixel position (x, y) output by a correction timing controller 210 is present 
in a first area or a second area. 

Figs. 7(A) and 7(B) show gain calculation for pixels present in first 
and second areas conducted in a gain calculator 270. 

Fig. 8 is diagram concerning the areas for explaining examples of 
15 correction gain interpolation equations and constants stored in a constant 
table 220A. 

Figs. 9(A) and 9(B) show other area division patterns. 
Fig. 10 shows still another area division pattern. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 A. First embodiment: 

Fig. 1 is a block diagram schematically illustrating an image display 
1000 that is a first embodiment of this invention. The image display 1000 
comprises a scan converter (SC) 110, a gain corrector 120, a controller 130, 
a liquid crystal panel driver 150, liquid crystal panels 160, an illumination 

25 optical system 170 and a projection optical system 180. The image 
display 1000 is a projector which displays images by projecting red, green 
and yellow light exiting from the liquid crystal panels 160 at every pixel 
onto a projection screen SR through the projection optical system 180. 



- 5 - 



The structures of the liquid crystal panel 160, illumination optical system 
170 and projection optical system 180 are described in assignee's Japanese 
Patent Laid-Open Gazette No. 10-171045, the disclosure of which is 
incorporated herein by reference for all purposes. 
5 The controller 130 is connected to the SC 110 and the gain corrector 

120 through a bus 140. The controller 130 sets the processing conditions 
of the different sections and directly controls the processing of every 
section. 

The SC 110 outputs a timing signal TCTL used to form an image on 

O 

y3 10 the liquid crystal panel 160. The timing signal TCTL ordinarily includes 

T=; a vertical synchronizing signal VD, a horizontal synchronizing signal HD 

^ and a clock signal DCLK. The SC 110 also outputs a given image signal 

W VS as an image signal DS in a form suitable for input to the liquid crystal 

^p=t 

J panel 160. The image data composing the image signal DS include one 

JOSS, 

m 15 24-bit data set for each pixel. The data sets are output serially pixel by 

pixel. The image data set of each pixel consists of 8 bits of color data for 

□ each of red, green and blue. For convenience in explanation, the image 

data contained in the image signal DS will hereafter sometimes be referred 
to as "image data DS." 
20 As explained in further detail later, the gain corrector 120 subjects 

the image signal DS received from the SC 110 to gain correction in 
accordance with the positions of the pixels. The gain-corrected image 
data DCS is supplied to the liquid crystal panel driver 150. The liquid 
crystal panel driver 150 supplies the image data DCS to the liquid crystal 
25 panel 160 under timing control by the timing signal TCTL. The liquid 
crystal panel 160 modulates illumination light from the illumination 
optical system 170 in accordance with the supplied image data DCS. The 
projection optical system 180 projects the light modulated by the liquid 
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crystal panel 160 onto the projection screen SR, thereby displaying an 
image. 

The liquid crystal panel 160 thus corresponds to the image display 
device of the present invention, while the SC 110 corresponds to the image 
processor of the invention and the gain corrector 120 corresponds to the 
gain corrector of the invention. 

Fig. 2 is a block diagram schematically illustrating the gain 
corrector 120. The gain corrector 120 comprises a correction timing 
controller 210, a constant table 220, a constant selector 230, a red 
multiplier 240 and a blue multiplier 250. The constant table 220 stores 
red and blue correction gains gr(x, y) and gb(x, y) for each pixel. As shown 
in Fig. 3(A), the position of each pixel of the liquid crystal panel, which 
comprises multiple pixels in a matrix array, is defined by the value of (x, y) 
in an orthogonal coordinate system whose origin (0, 0) is defined as the 
pixel at the left edge in the horizontal direction and the upper edge in the 
vertical direction; x represents position in the horizontal direction and y 
position in the vertical direction. 

The correction timing controller 210 uses the given timing signal 
TCTL to calculate the position (x, y) of the pixel to which the image data 
DS received from the SC 110 is to be applied. The constant selector 230 
selects the correction gains gr(x, y), gb(x, y) corresponding to the calculated 
pixel position (x, y) from the constant table 220 and supplies the red 
correction gain gr(x, y) to the red multiplier 240 and the correction gain 
gb(x, y) to blue multiplier 250. 

The red multiplier 240 multiplies the input red image data DS(R) by 
gr(x, y) and outputs the product as red image data DCS(R). The blue 
multiplier 250 multiplies the input blue image data DS(B) by gb(x, y) and 
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outputs the product as blue image data DCS(B). The green image data 
DS(G) is output unchanged as image data DCS(G). 

In the image display 1000, since the image represented by the image 
data DCS corrected by the gain corrector 120 is formed on the liquid crystal 
5 panel 160, the color unevenness that tends to arise in the displayed image 
can be suppressed as explained in the following. 

Figs. 3(A) and 3(B) illustrate methods of color unevenness 
correction. To make the explanation easier, the levels of the color image 
data are defined as falling between 0 and 100. The red luminance level 

10 range is defined as OKr to lOOKr, the green luminance level range as OKg 
to lOOKg, and the blue luminance level range as 0Kb to 100Kb. The 
coefficients Kr, Kg and Kb indicate the contribution of the light of the color 
concerned to the luminance of light exiting from the pixels. Their values 
are Kr=0.299, Kg=0.587 and Kb^0.114. If red, green and blue each has 

15 an image data level of 50, representing a gray image, the red, green and 
blue luminance levels of the image to be displayed are defined as 50Kr, 
50Kg and 50Kb. 

Fig. 3(A) illustrates occurrence of color unevenness in the case of 
applying the pixels with gray image data, i.e., image data in which each of 

20 red, green and blue has a level of 50. Specifically, the red, green and blue 
luminance levels at pixel PI are 50Kr, 50Kg and 50Kb, which are the color 
luminance levels that should be displayed, but at pixel P2 the luminance 
level of red is 40Kr, the luminance level of green is 45Kg, and the 
luminance level of blue is 55Kb, because of the characteristics of the pixel 

25 P2. Color unevenness is therefore present. 

The situation is equivalent to a filter that multiplies red by (40/50), 
green by (45/50) and blue by (55/50) being present at pixel P2. This leads 
to the conclusion that the color unevenness of Fig. 3(A) can be suppressed 
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by Method 1 shown in Fig. 3(B). In Method 1, the image data levels are 
corrected in advance so as to cancel out the luminance level changes 
produced by the equivalent filter. Specifically, the red, green and blue 
image data sets are multiplied by the reciprocals of the respective 
5 equivalent filter color gains (40/50), (45/50) and (55/50), i.e., by (50/40), 
(50/45) and (50/55). By this, the luminance levels disregarding the 
coefficients, (hereafter referred to simply as "luminance levels") are 
corrected to 50 for all colors. As Method 1 can correct the luminance level 
of each color to its proper value, it can suppress color unevenness. 
10 Correction by Method 1 is complicated, however, because the image data 
sets for all possible colors have to be corrected. 

In the present embodiment, therefore, color unevenness is 
suppressed by Method 2. Method 2 defines the luminance level of green 
as a reference and effects correction for making the luminance levels of red 
15 and blue equal to that of green. Specifically, the red image data set is 
multiplied by the ratio of the green luminance level to the red luminance 
level (45/40), and the blue image data set is multiplied by the ratio of the 
green luminance level to the blue luminance level (45/55), thus making the 
luminance level of all colors equal to the green luminance level of 45. 

Hue and saturation of each color can be defined by chromaticity. In 
/Suppressing color unevenness, therefore, it suffices to make the 
chromaticity of tne pixels experiencing color unevenness equal to the 
proper chromaticity\ Taking only chromaticity into consideration, one can 
see that among lights differing in luminance there exist ones that are the 
25 same in chromaticity. For instance, the chromaticity of light whose 
individual colors have\a luminance of 50 and the chromaticity of light 
whose individual colors nave a luminance of 45 are in principle the same 
and the two lights are displayed as the same color, notwithstanding that 
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they differ in luminanca. In other words, Method 2 suppresses color 
unevenness by effecting correction of the image data applied to the pixels 
so that, when an image of uniform color is displayed, all pixels are made 
equal in color irrespective of change in luminance level. Although Method 
5 2 may result in luminance scatter (luminance unevenness), it can achieve 
the same suppression of color unevenness as Method 1. Unlike Method 1, 
which requires correction of three sets of color data for suppression of color 
unevenness, Method 2 requires correction of only two color data sets and is 
therefore advantageous to Method 1 in ease of correction. Moreover, 
10 Method 2 can be implemented usmg a gain corrector that is structurally 
simpler than would be needed for implementing Method 2. 

As was noted above, Method 2 may produce luminance unevenness. 
As explained in the following, however, this is not a problem in practical 
application. 

15 The human eye is less sensitive to luminance unevenness than color 

unevenness. Further, while it is somewhat sensitive to changes in the 
luminance level of light from nearby sources, it is insensitive to changes in 
the luminance level of light from relatively distant sources. As color 
unevenness generally has a rather gradual distribution, the luminance 

20 unevenness caused by the changes in luminance produced when color 
unevenness is suppressed by Method 2 therefore also has a rather gradual 
distribution. Luminance unevenness is therefore not strongly perceived. 
Furthermore, as was pointed out earlier, the rates at which red, green and 
blue contribute to the luminance of the light exiting from the pixels are Kr 

25 ^0.299, Kg^0.587 and Kb^0.114, with the contribution of green being 
the greatest. Since Method 2 defines green, the color making the largest 
contribution to luminance, as the reference, it holds the effect of luminance 
change to the very minimum. For the foregoing reasons, luminance 
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unevenness produced by Method 2 causes substantially no problem in 
practical application. 

Method 2 was explained with regard to the case of adjusting the 
luminance levels of red and blue light to the luminance level of green light 
but either red or blue can be used the reference instead. Still, in view of 
the fact that green has the greatest effect on luminance among the three 
colors, green is preferably adopted as the reference. In a case where color 
images are formed using a combination of colors other than the three 
primary colors (red, green and blue), the same effects can be obtained by 
selecting one of the colors as a reference, particularly by selecting the color 
among them that has the greatest effect on luminance. 

The correction gains gr(x, y) and gb(x, y) stored in the constant table 
220 correspond to the ratio of pixel green luminance level to red luminance 
level and the ratio of pixel green luminance level to blue luminance level in 
Method 2. The gains are determined in the following manner: 

i) Image data representing a uniform gray image are output from the 
SC 110. 

ii) The chromaticity of each pixel is measured while varying the 
correction gains gr and gb applied to the multipliers 240 and 250 
(Fig. 2) until the chromaticity of the pixel becomes equal to the 
proper gray chromaticity to be displayed. 

iii) The correction gains gr and gb when the chromaticity of the pixel 
becomes equal to the proper gray chromaticity are stored in the 
constant table 220 as gr(x, y) and gb(x, y) for position (x, y) of the 
pixel. 

The procedure for determining the correction gains is not limited to 
the steps i) to iii) set out above. In i), an image of a color other than gray 
can be displayed instead of the uniform gray image. However, the image 
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should preferable be of a color including red, green blue. Although the 
chromaticity of every pixel is measured in ii), the procedure is not limited 
to this. For example, it is possible instead to measure the chromaticity of 
a pixel region consisting of multiple pixels including a prescribed pixel to 
be measured and to use the measured chromaticity as the chromaticity of 
the prescribed pixel. This method is convenient because it is difficult to 
measure the chromaticity of individual pixels. Any procedure can be 
adopted that, during display of an image of uniform color, enables the 
correction gains of every pixel to be determined so as to reduce any 
difference between the chromaticity of the pixel and the chromaticity of the 
color desired to be displayed. 

As explained in the forgoing, the image display 1000 according to 
this embodiment is configured so that, during display of an image of 
uniform color, the image data supplied to the liquid crystal panel 160 can 
be corrected in the gain corrector 120 so that the light exiting from every 
pixel is made to have the same chromaticity. It can therefore suppress 
color unevenness. 

B. Second embodiment: 

Fig. 4 is a block diagram schematically illustrating a gain corrector 
120A of a second embodiment of this invention. An image display similar 
to that of the first embodiment can be configured by replacing the gain 
corrector 120 of the first embodiment with this gain corrector 120A. 

The gain corrector 120A comprises a correction timing controller 
210, a constant table 220A, a constant selector 230, a red multiplier 240, a 
blue multiplier 250, an area detector 260 and a gain calculator 270. 

The area detector 260 detects a segment (hereinafter called an 
"area" or "plane") that includes the pixel position (x, y) calculated by the 
correction timing controller 210. The meaning of "area" will be explained 
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with reference to Fig. 5. Among multiple pixels arrayed in a matrix, 
designate those at the four corners as PA, PC, PG and PI, designate the 
center pixel as PE, designate the pixels at the left and right ends of the 
horizontal line passing through the center pixel PE as PD and PF, and 
5 designate the pixels at the upper and lower ends of the vertical line passing 
through the center pixel PE as PB and PH. Draw a vertical line 
connecting the pixels PB, PE and PH, draw a horizontal line connecting the 
pixels PD, PE and PF, and draw the sides of a rhombus having PB, PD, 
PH, and PF as apexes. This divides the matrix into eight right triangular 
§ 10 regions (areas). Call the regions of the triangles PAPBPD, PBPEPD, 

m PBPFPE, PBPCPF, PDPHPG, PDPEPH, PEPFPH and PFPIPH the first, 

rU second, third, fourth, fifth, sixth, seventh and eighth areas. Designate the 

hj positions of the pixels by coordinates (x, y) in a coordinate system whose 

J~ vertical axis is y_, horizontal axis is x, and origin is the pixel PA. In Fig. 5, 

2 15 the positions of the pixels PB, PC, PD, PE, PF, PG, PH are PI are defined 

£ as (XB, 0), (XC, 0), (0, YD), (XB, YD), (XC, YD), (0, YG), (XB, YG), (XC, YG). 

q The area detector 260 discriminates the area in which the pixel 

w position (x, y) given by the correction timing controller 210 is present. 

The method of this discrimination will now be explained. As can be seen 
20 in Fig. 5, the pixel belongs to an area in the right half when x s> XB and to 
an area in the left half when x < XB. Further, the pixel belongs to an area 
in the lower half when y ^ YD and to an area in the upper half when 
y < YD. Based on this, the area detector 260 discriminates that the area 
in which the pixel position (x, y) given by the correction timing controller 
25 210 is present is the first or second area when x < XB and y < YD, is the 
third or fourth area when x ^ XB and y < YD, is the fifth or sixth area when 
x < XB and y s> YD, and is the seventh or eighth area when x & XB and 
y * YD. 
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When the area detector 260 has discriminated that the pixel position 
(x, y) given by the correction timing controller 210 is located in the first or 
second area, it next discriminates which of these areas it is in. Figs. 6(A) 
and 6(B) show conditions used to discriminate whether the area in which 
5 the pixel position (x, y) given by the correction timing controller 210 is 
present is the first area or the second area. When, as shown in Fig. 6(A), 
the number of pixels between pixel PA and pixel PB is defined as X01 
(= XB - 0) and the number of lines between pixel PA and pixel PD is 
defined as Y01 (= YD — 0), the boundary line LI between the first area and 
10 the second area can be represented by Equation (1): 

y _{_ (Y01/X01) • x + Y01} = 0 ...(1) 

Equation (1) is therefore used to discriminate between the first area 
and the second area as shown by Equation (2a) and Equation (2b): 

First area: y - {- (Y01/X01) • x + Y01} < 0 ... (2a) 
15 Second area: y - {- (Y01/X01) • x + Y01} ;> 0 ... (2b) 

When the result of the discrimination is the first area, the area 
detector 260 outputs three bits of binary data PLS = 000 (decimal number: 
0) as area data PLS. When the result is the second area, it outputs area 
data PLS = 001 (decimal number: 1). 
20 Discrimination between the third area and fourth area is conducted 

as follows. As shown in Fig. 6(B), pixel PB is defined as the origin (0, 0). 
The number of pixels between pixel PB and pixel PC is defined as X02 
(= YD — 0) and the number of lines between pixel PB and pixel PE is 
defined as Y02 (= XC - XB - 0). The boundary line L2 between the third 
25 area and the fourth area can then be represented by Equation (3): 

y-(Y02/X02) • x = 0 ... (3) 

Equation (3) is therefore used to discriminate between the third area 
and the fourth area as shown by Equation (4a) and Equation (4b): 
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Third area: y - (Y02/X02) • x ;> 0 ... (4a) 
Fourth area: y - (Y02/X01) • x < 0 ... (4b) 

When the result of the discrimination is the third area, the area 
detector 260 outputs area data PLS = 010 (decimal number: 2). When the 
5 result is the fourth area, it outputs PLS = 011 (decimal number: 3). 

Discrimination between the fifth area and the sixth area is carried 
out similarly to that between the third area and the fourth area while the 
pixel PD is used as the origin (0, 0). The number of pixels between pixel 
PD and pixel PE is defined as X03 (= XB — 0) and the number of lines 
10 between pixel PD and pixel PG is defined as Y03 (= YG - YD - 0). The 
discrimination is then made as shown by Equation (5a) and Equation (5b): 

Fifth area: y - (Y03/X03) • x s> 0 ... (5a) 

Sixth area: y - (Y03/X03) • x < 0 ... (5b) 

When the result of the discrimination is the fifth area, the area 
15 detector 260 outputs area data PLS = 100 (decimal number: 4). When the 

result is the sixth area, it outputs PLS = 101 (decimal number: 5). 

Discrimination between the seventh area and the eighth area is 

carried out similarly to that between the first area and the second area. 

Specifically, pixel PE is defined as the origin (0, 0). The number of pixels 
20 between pixel PE and pixel PF is defined as X04 (= XC - XB - 0) and the 

number of lines between pixel PE and pixel PH is defined as Y04 (= YG — 

YD — 0). The discrimination is then made as shown by Equation (6a) and 

Equation (6b): 

Seventh area: y - {- (Y04/X04) • x + Y04} < 0 ... (6a) 
25 Eighth area: y - {- (Y04/X04) • x + Y04} ^ 0 ... (6b) 

When the result of the discrimination is the seventh area, the area 
detector 260 outputs area data PLS =110 (decimal number: 6). When the 
result is the eighth area, it outputs PLS = 111 (decimal number: 7). 
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The area detector 260 can thus detect the area including the pixel to 
be corrected in the foregoing manner. 

Constants ari, bri, en, abi, bbi and cbi (i = 1—8) for use in gain 
calculation by the gain calculator 270 are stored in the constant table 220A 
of Fig. 4 for each area. 

The constant selector 230 receives the area data PLS indicating the 
area discriminated by the area detector 260, selects the corresponding 
constants ari, bn, en, abi, bbi and cbi from the constant table 220A, and 
supplies them to the gain calculator 270. 

The gain calculator 270 determines the correction gain for every 
pixel in the discriminated area (segment pixel) by linear interpolation from 
the correction gains of the pixels at the area apexes (apex pixels). 

Figs. 7(A) and 7(B) show the gain calculation for pixels present in 
the first and second areas conducted in the gain calculator 270. As shown 
in Fig. 7(A), the pixel PA is used as the origin (0, 0) and the correction gain 
g of an arbitrary pixel P(x, y) present in the first area is calculated by 
interpolation using Equation (7): 

g = al • x + bl • y + cl ... (7) 

Defining the correction gains of the apex pixels PA, PB and PD as 
gA, gB and gD, the number of pixels between pixel PB and pixel PA as X01 
(= XB — 0), and the number of lines between pixel PD and pixel PA as Y01 
(= YD — 0), the constants al, bl and cl can be represented by Equations 
(8a) - (8c): 

al = (gB - gA)/X01 ...(8a) 

bl = (gD - gA)/Y01 ...(8b) 

cl = gA ... (8c) 

Therefore, defining the red constants as arl, brl and crl and the 
blue constants as abl, bbi and cbi, it follows from Equation (7) that the 
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equations for interpolating the red and blue correction gains gr and gb of 
an arbitrary pixel P(x, y) in the first area can be written: 

gr = arl * x + brl • y + crl ... (9a) 

gb = abl • x + bbl • y + cbl ... (9b) 

Defining the red correction gains of the apex pixels PA, PB and PD 
as gAr, gBr and gDr and defining the blue correction gains thereof as gAb, 
gBb and gDb, it follows from Equations (8a) - (8c) that the constants arl, 
brl, crl, abl, bbl and cbl can be represented by Equations (10a) — (lOf): 



arl = (gBr - gAr)/X01 


... (10a) 


brl = (gDr - gAr)/Y01 


... (10b) 


crl = gAr 


... (10c) 


abl = (gBb - gAb)/X01 


... (lOd) 


bbl = (gDb - gAb)/Y01 


... (lOe) 


cbl = gAb 


... (lOf) 


The correction gains 


of the apex pixels PA, PB and PD can be 



obtained in advance using the correction gain determining procedure 
explained with regard to the first embodiment. 

As shown in Fig. 7(B), defining pixel PA as the origin (0, 0), the 
correction gain g of an arbitrary pixel P present in the second area can be 
determined by interpolation using Equation (11): 

g = a2 • x + b2 • y + c2 ... (11) 

Defining the correction gains of the apex pixels PB, PD and PE as 
gB, gD and gE, the constants a2, b2 and c2 can be represented by 
Equations (12a) - (12c): 

a2 = (gE - gD)/X01 ... (12a) 

b2 = (gE - gB)/Y01 ... (12b) 

c2 = gD + gB-gE ... (12c) 
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Therefore, defining the red constants as ar2, br2 and cr2 and the 
blue constants as ab2, bb2 and cb2, it follows from Equation (11) that the 
equations for interpolating the red and blue correction gains gr and gb of 
an arbitrary pixel P(x, y) in the second area can be written: 
5 gr = ar2 • x + br2 • y + cr2 ... (13a) 

gb = ab2 • x + bb2 • y + cb2 ... (13b) 

Defining the red correction gains of the apex pixels PB, PD and PE 
as gBr, gDr and gEr and defining the blue correction gains thereof as gBb, 
gDb and gEb, it follows from Equations (12a) — (12c) that the constants 
10 ar2, br2, cr2, ab2, bb2 and cb2 can be represented by Equations (14a) — 
(14f): 



■- a 




ar2 = (gEr - gDr)/X01 


... (14a) 


: _ 3 




br2 = (gEr - gBr)/Y01 


... (14b) 






cr2 = gDr + gBr - gEr 


... (14c) 




15 


ab2 = (gEb - gDb)/X01 


... (14d) 


1 |j 




bb2 = (gEb - gBb)/Y01 


... (14e) 


i | 




cb2 = gDb + gBd -gEb 


... (14f) 



The correction gains of the segment pixels in the other areas can 
also be determined by interpolation from the correction gains of the apex 

20 pixels of the area, similarly to what was explained with regard to the first 
and second areas. Fig. 8 is diagram showing examples of correction gain 
interpolation equations and constants stored in the constant table 220A for 
the respective areas. The interpolation equations and constants shown in 
Fig. 8 are non-limitative examples. They can be replaced by any of 

25 various other interpolation equations and constants usable for 
interpolating the correction gains of the segment pixels from the apex 
pixels of the respective areas. 
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The gain calculator 270 thus determines the correction gains gr and 
gb for every pixel and supplies them to the red multiplier 240 and the blue 
multiplier 250. 

The gain corrector 120A corrects given image data DS(R), DS(G) and 
DS(B) and outputs them as image data DCS(R), DCS(G) and DCS(B). The 
image represented by the image data DCS corrected by the gain corrector 
120A is formed on the liquid crystal panel 160. As a result, an image 
suppressed in color unevenness is displayed. 

In the second embodiment, the gain corrector 120A corrects the red 
and blue image data among the image data of every pixel so as to make 
their levels substantially equal to the level of the green image data. The 
color unevenness tending to occur in the displayed image can therefore be 
suppressed. Moreover, in the second embodiment, the pixels are divided 
into multiple areas beforehand and the correction gain of any given pixel 
present in an area is determined by interpolation from the correction gains 
of the apex pixels of the area. This is advantageous in not requiring the 
correction gains of all pixels to be calculated in advance. It is also 
advantageous in that it simplifies the procedure for determining the 
correction gains in advance and reduces the size of the constant table for 
storing data corresponding to the determined correction gains. 

As shown in Fig. 5, the second embodiment defines the eight areas 
using the vertical line connecting pixels PB, PE and PH, the horizontal line 
connecting the pixels PD, PE and PF, and the sides of the rhombus having 
pixels PB, PD, PH and PF as its apexes. The distribution of color 
unevenness is generally such that the unevenness spreads radially 
outward from the image center toward the image periphery, and the area 
segmentation of the second embodiment is an example for coping with this 
distribution. However, the invention is not limited to this segmentation. 
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For example, one of the segmentations shown in Figs. 9 and 10 can be 
adopted. So long as the area segmentation is matched to the color 
unevenness distribution so as to enable the color unevenness within the 
areas to be suppressed by interpolation of pixel image data, it is not limited 
with respect to the number or shape of the segments. The area pattern 
illustrated in Fig. 10 is what is obtained by using the set of areas of Fig. 5 
as a unit for dividing the image horizontally and vertically into multiple 
identical sets. As this pattern enables the correction processing to be 
conducted by repeating the same processing for each set, it makes the 
correction processing easier. 

It is also possible to provide plural sets of the area detector 260 and 
the multiple gain calculator 270 for plural area segmentation patterns, 
provide means for selecting one set among them, and select an area 
segmentation pattern according to the color unevenness distribution 
characteristics of the display. By this, color unevenness can be 
suppressed with higher precision in accordance with various color 
unevenness characteristics arising in different displays. 

The present invention is in no way limited to the details of the 
examples and embodiments described in the foregoing but various changes 
and modifications may be made without departing from the scope of the 
appended claims. For example, the following modifications are also 
possible. 

(1) Although the foregoing embodiments were explained taking a 
projection display as an example, the invention can also be applied to a 
direct viewing display. 

(2) Although the foregoing embodiments were explained taking an 
image display that uses a liquid crystal panel as an example, the invention 
is not limited in application to such a display but can also be applied to a 
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display equipped with a PDM, DMD, CRT or any of various other display 
devices. 
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